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Description 



FOAM COMPOSITE INSULATION FOR 

AIRCRAFT 

Background of Invention 

[0001] The present invention generally relates to insulation and 
more specifically to a foam composite insulation for air- 
craft. 

[0002] insulation is typically provided on the exterior and/or in- 
terior of aerospace systems, particularly between the 
outer bodies and the internal passenger compartments of 
aircraft fuselages. The insulation provides a number of 
functions including regulation of temperature, reduction 
of engine noise, reduction of noise from outside air tur- 
bulence, and protection of mechanical and structural 
components within the aerospace systems from moisture 
and temperature extremes that might tend to damage or 
corrode the components. All of these functions are en- 
hanced by the close contact of insulation to fuselage sur- 
faces including frames, stringers and skin, as well as close 



contacting fit to brackets and unrelated hardware that is 
fastened to the fuselage. 

[0003] until recently, fiberglass batting had been the preferred 
insulation for use within aircraft and other aerospace 
structures. Fiberglass has good thermal and structural 
properties, is fairly inexpensive, and has a long history of 
successful use in the aerospace industry. 

[0004] Recently, foam insulation has been introduced for fuse- 
lage insulation. In fact, many companies use closed cell 
foam as a layer for fuselage insulation, while others use a 
polyimide type open cell foam. However, the use of foams 
is typically limited to where the foam layer is designed for 
interlocking fit. Interlocking fit designs are a problem be- 
cause they are limited to fuselage designs that coinciden- 
tally have structural flanges that allow the insulation to be 
tucked (i.e. to be interlocked) behind the string flanges, or 
behind the intercostals, thereby creating the interlocking 
fit. 

[0005] closed cell foams are also desirable because they are rel- 
atively moisture resistant. However, thin closed cell foams 
also do not typically provide adequate noise absorption 
for use in aircraft fuselages. As such, the amount of 
closed cell foam that must be used adds to manufacturing 



costs in terms of raw material costs, installation costs, 

weight, and space constraints. 

[0006] it is thus highly desirable to create a new acoustical and 

thermal insulation that is easy to use and install. It is also 

desirable that the insulation be cost effective in terms of 

fabrication, installation and life cycle. It is also desirable 

that the insulation be relatively water resistant. 
Summary of Invention 

[0007] The present invention addresses these concerns by pro- 
viding material and method for insulating an aircraft. The 
invention provides for the use of multiple layers of insula- 
tion with at least one layer made from an open-celled 
foam that provides acoustic and thermal insulation. 

[0008] The open-celled foam is compression fitted into the air- 
plane fuselage so as to provide effective attachment to the 
fuselage. The open-celled foam requires minimal attach- 
ment treatments. Further, compression fit of the open cell 
layer is used as an interface around brackets and unre- 
lated hardware to provide superior close-out of gaps that 
would normally occur using traditional insulation to 
bracket interfaces. The preferred foam for the open celled 
compression layer is also relatively moisture resistant (i.e. 
hydrophobic) in nature and is compressible to between 



about 0.5 and 10 percent compression, with about 2% 

compression being ideal for most applications. 

[0009] other objects and advantages of the present invention will 

become apparent upon considering the following detailed 

description and appended claims, and upon reference to 

the accompanying drawings. 
Brief Description of Drawings 

[0010] Figure 1 is a top section view of an insulation material ac- 
cording to one preferred embodiment of the present in- 
vention; 

[001 1] Figure 2 is a top section view of an insulation material ac- 
cording to another preferred embodiment of the present 
invention; 

[0012] Figure 3 is a top section view of an insulation material ac- 
cording to another preferred embodiment of the present 
invention; 

[0013] Figure 4 is a top section view of an insulation material ac- 
cording to another preferred embodiment of the present 
invention; 

[0014] Figure 5 is a top section view of an insulation material ac- 
cording to another preferred embodiment of the present 
invention; 

[0015] Figure 6 is a top section view of an insulation material ac- 



cording to another preferred embodiment of the present 
invention; 

[0016] Figure 7 is a top section view of an insulation material ac- 
cording to another preferred embodiment of the present 
invention; 

[0017] Figure 8 is a top section view of an insulation material ac- 
cording to another preferred embodiment of the present 
invention; 

[0018] Figure 9 is a top section view of an insulation material ac- 
cording to another preferred embodiment of the present 
invention; and 

[0019] Figure 10 is a top section view of an insulation material 

according to another preferred embodiment of the 

present invention. 
Detailed Description 

[0020] | n the following figures the same reference numerals will 
be used to refer to the same components. The present in- 
vention is related to providing a material and method for 
insulating an aircraft 20. The invention calls for the use of 
multiple layers of insulation materials with at least one 
layer being made of a hydrophobic, open-celled foam 
material that provides acoustic and thermal insulation. 
The open-celled foam is compression fit within the air- 



plane fuselage 22 so as to provide an effective attach- 
ment. Ten preferred embodiments are described below. 
However, as one of ordinary skill recognizes, many other 
possible embodiments utilizing at least one layer of hy- 
drophobic, open-celled foam material are possible, and as 
such the preferred embodiments are not intended to be 
limiting. 

[0021] Referring now to Figures 1 and 2, a preferred embodiment 
of the present invention is illustrated in which a fuselage 
is illustrated having an outer skin 24. Coupled to the inner 
surface 25 of the outer skin 24 is a plurality of spaced 
apart stringers 26 that extend latitudinally (shown as left 
to right in Figure 1) across the surface of the outer skin 
24. In other words, stringers 26 run the length of the air- 
plane from the front, or tip, to the back. The stringers 26 
aid in reinforcing the outer skin 24. 

[0022] a| S o shown is a pair of frames 32 that extend longitudi- 
nally from the outer skin and provide attachment points 
for various hardware commonly found in commercial air- 
craft 20. The frames 32 run circumferentially, like discrete 
hoops, around the airplane interior 48. Each frame 32 is 
shown in Figure 1 as having a c-shaped frame element 34 
coupled to an l-shaped frame element 36. The l-shaped 



frame element 36 is also known as a shear tie 36. A trim 
piece 46 is then coupled across the exterior of the foam 
40 and frames 32 to provide a pleasing aesthetic surface 
to the interior 48, or cabin region, of the aircraft 20. 
[0023] a layer 40 of open-celled foam 39, also known as a bay 
block of foam, is shown being compression fit between 
the respective frames 32. The foam 40 is shaped such 
that it substantially abuts and surrounds each of the re- 
spective stringers 26 contained between a respective pair 
of frames 32. A cut out portion 44 of the layer 40 allows 
the layer 40 to be compression fit to both inner extending 
portion 47 and bottom portion 49 the c-shaped frame el- 
ement 34 and l-shaped frame element 36 located on the 
right side of Figure 1. The cutout portion 44 therefore al- 
lows for a tighter compression fit of the layer 40 between 
the frames 32. 

[0024] a s shown in Figure 2, a portion 41 of the foam 40 is 

preferably removed between the bottom of the c-shaped 
frame element 34 and the outer skin 24 to form a channel 
43 as a condensate water-control channel to facilitate 
drainage. 

[0025] The open-celled foam 39 of the present invention has 
high sound absorption, high heat resistance, good fire- 



proofing properties, and good flexibility and is very easy 
to process. In addition, the foam is compressible to be- 
tween about 0.5 and 10 percent compression, with about 
2% compression being ideal for most applications. One 
preferred foam composition meeting these requirements 
are melamine-based open-celled thermosetting foam 
such as Basotect®, produced by BASF Corporation of 
Mount Olive, New Jersey. Basotect® foams are thermoset 
from a group of aminoplastic resins, including various 
phenolic resins. 

[0026] | n order to impart adequate moisture resistance (i.e. make 
the foam layer hydrophobic) for application in the interior 
of the aircraft 20, it is desirable to coat the foam 39 with a 
moisture resistant compound. One preferred moisture re- 
sistant compound is silicon, typically applied as a spray to 
the previously formed open cells. 

[0027] T ne foam 39 is formed by conventional foaming methods 
and cured to the desired physical characteristics, includ- 
ing the desired compressibility and density. The foam 39 
is then cut to a desired size and shape to form a layer, 
such as layer 40. 

[0028] The trim piece 46 is preferably formed of a composite 
material and is approximately one-eighth of an inch in 



thickness. One preferred composite material is based on a 
carbon fiber reinforced phenol/formaldehyde material. In 
addition, a honeycombed layer of Nomex®may be incor- 
porated within the composite panel to provide additional 
thermal resistance properties. 

[0029] Referring now to Figure 3, another preferred embodiment 
of the present invention introduces a layer, or overblan- 
ket, of non-woven spun-laced fiber fabric 42 that is ap- 
plied to the exposed surface 54 of the foam layer 40 and 
a portion of the respect c-shaped frames 34 to bridge 
across multiple frames 32. The trim piece 46 is then cou- 
pled across the exterior of the non-woven spun-laced 
fiber fabric 42 to provide a pleasing aesthetic surface to 
the interior 48, or cabin region, of the aircraft 20. 

[0030] The non-woven spun-laced fiber fabric 42 is preferably a 
fire-resistant, lightweight fabric that is typically honey- 
combed to provide increased strength for aircraft. One 
preferred fabric meeting these requirements is Nomex® 
felt fabric, available from E. I. duPont De Nemours and 
Company of Wilmington, Delaware. 

[0031] | n another preferred embodiment, as shown in Figure 4, a 
five layer insulation material 60 is shown which is useful 
for acoustic attenuation. The five-layer insulation material 



has a first layer 64 of insulation material separated from a 
second three-piece layer 68 of insulation material via an 
air gap 62. A first layer 64 of open-celled foam 39 is 
shown being compression fit between the respective 
frames 32 on either side 26a, 26b of and between each 
respective stringer 26. The first layer 64 is shaped such 
that it substantially abuts each side 26a, 26b (the first 
layer 64 is shown abutting a top side 26a of one of the 
stringers 26 in Figure 3) of the respective stringers 26 
contained between a respective pair of l-shaped frame el- 
ements 36. A plurality of spacers 66 are then coupled to 
an outer surface 65 of each respective first layer 64. 

[0032] As shown in Figure 4, the length 41 that the respective 
stringer 26 extends from the outer skin 24 is slightly 
greater than the length 67 that the respective first layers 
64 extend from the outer skin 24. However, in other pre- 
ferred embodiments the length 67 of the respective first 
layer 64 may be equal to the length 41 of the stringers 26. 

[0033] a three-piece layer 68 is placed onto the spacers 66 and 
compression fit with an inner side 35 a c-shaped frame 
element 34 on one side and a top portion 69 of the I- 
shaped frame element 36 and an outer side 37 of the c- 
shaped frame element 34 on the opposite side. The air 



gap 62 is thus created between the bottom surface 71 of 
the second layer 68 and the respective first layers 64 and 
is defined by the thickness t of the respective spacers 66. 
A smaller air gap 70 is also present between the bottom 
surface 71 and the top surface 29 of the respective 
stringer 26 wherein the length 41 is greater than the 
length 67. 

[0034] The three-piece layer 68 is formed having an interleaved 
fibrous layer 72 coupled between a second layer 74 and 
third layer 76 of open-celled foam 39. A non-woven 
spun-laced fiber fabric 42 is applied onto the third layer 
76 of open-celled foam 39. A trim piece 46 is then cou- 
pled across the exterior of the fabric 42 and frames 32 to 
provide a pleasing aesthetic surface to the interior 48, or 
cabin region, of the aircraft 20. 

[0035] The interleaved fibrous layer 72, as shown in Figure 3, is 
preferably formed from fiberglass batting, or fibrous glass 
blanket, consisting of a plurality of glass wool fibers hav- 
ing an aspect ratio of greater than about 3:1 coated with a 
phenol-formaldehyde resin binder and having a density of 
between about 0.4 and 1.5 pounds per cubic inch. One 
preferred fibrous glass blanket is produced by the Johns 
Manville Corporation of Denver, Colorado under the Mi- 



crolite® AA blanket tradename designations, in which a 
fiberglass wool product (80-99 wt.%) is bound with either 
a extended phenol-formaldehyde cured binder resin 
(1-20 wt.%) or a urea-extended phenol- 
melamine-formaldehyde cured binder resin (1-20 wt.%). 
The binder may also include a silicone emulsion (1-10 
wt.%). 

[0036] The fiberglass batting is preferably contained within a 

heat sealable durable covering film that limits water vapor 
absorption to the fiberglass batting. One preferred cover- 
ing film is Orcofilm® AN-54W, produced by Orcon Corpo- 
ration of Union City, California. 

[0037] Referring now to Figure 5, another embodiment of the 
present invention, a three-layer insulation material 90 is 
shown including an air gap 92 separating the first insula- 
tion material 91 from the second insulation material 93, 
which is useful for acoustic attenuation. A first layer 94 of 
open-celled foam 39 forming the first insulation material 
91 is shown being compression fit between the respective 
frames 32 on either side of and between each respective 
stringer 26. The first layer 94 is shaped such that it sub- 
stantially abuts each side and surrounds each of the re- 
spective stringers 26 contained between a respective pair 



of l-shaped frame elements 36. A cut out portion 97 of 
the first layer 94 allows the layer 94 to be compression fit 
to both inner portion 47 and bottom portion 49 the c- 
shaped frame element 34 and l-shaped frame element 36 
located on the right side of Figure 5. This cutout portion 
97 allows a tighter compression fit between the frames 
32. 

[0038] a plurality of open-celled foam spacers 96 are then cou- 
pled to an outer surface 95 of each respective first layer 
94. The open-celled foam spacers 96 have the same com- 
position as the open-celled foam 39 in the first layer 94. 

[0039] The second insulation material 93 if formed of a two- 
piece layer 98 that is placed onto the spacers 96 and 
compression fit with an inner side 35 of the c-shaped 
frame element 34 on one side and a top portion 69 of the 
l-shaped frame element 36 and an outer side 37 of the c- 
shaped frame element 34 on the opposite side. An air gap 
92 is created between the bottom surface 101 of the sec- 
ond layer 98 and the respective first layer 94 and is de- 
fined by the thickness t of the respective spacers 96. 

[0040] The two-piece layer 98 is formed having an interleaved fi- 
brous layer 102 coupled to a second layer 104 of open- 
celled foam 39. A non-woven spun-laced fiber fabric 42 is 



applied onto the second layer 104 of open-celled foam. A 
trim piece 46 is then coupled across the exterior of the 
fabric 42 and frames 32 to provide a pleasing aesthetic 
surface to the interior 48, or cabin region, of the aircraft 
20. 

[0041] a non-woven spun-laced fiber fabric 42 is applied onto 
the two-piece layer 98. A trim piece 46 is then coupled 
across the exterior of the fabric 42 and frames 32 to pro- 
vide a pleasing aesthetic surface to the interior 48, or 
cabin region, of the aircraft 20. 

[0042] | n y e t another preferred embodiment of the present in- 
vention, as shown in Figure 6, a three-layer insulation 
material 120 is compression fit between the respective 
frames 32. The three-layer insulation material 120 a layer 
of interleaved fibrous material 72 sandwiched between 
two layers 122, 126 of the open cell foam 39. A cut out 
portion 130 of the lower layer 122 allows the layer 122 to 
be compression fit to both inner portion 47 and bottom 
portion 49 the c-shaped frame element 34 and l-shaped 
frame element 36 located on the right side of Figure 6. 
This cut out portion 130 allows a tighter compression fit 
of the lower layer 122 between the frames 32. 

[0043] a non-woven spun-laced fiber fabric 42 is applied onto 



the three-layer insulation material 120. A trim piece 46 is 
then coupled across the exterior of the fabric 42 and 
frames 32 to provide a pleasing aesthetic surface to the 
interior 48, or cabin region, of the aircraft 20. 
[0044] Referring now to Figure 7, a three-layer insulation mate- 
rial 140 is compression fit between the respective frames 
32 between the frames 32. The three-layer insulation ma- 
terial 140 a layer of interleaved fibrous material 72 sand- 
wiched between two layers 142, 144 of the open cell foam 
39. A foam spacer 146 is sandwiched between one end 

147 of the fibrous material 72 and the top portion 69 of 
the l-shaped frame element 36. A second foam spacer 

148 is sandwiched between the other end 149 of the fi- 
brous material 72 and an inner portion 47 of the c- 
shaped frame element 34 located on the right side of Fig- 
ure 7. A cut out portion 150 of the lower layer 142 allows 
the layer 142 to be compression fit to both inner portion 
47 and bottom portion 49 the c-shaped frame element 34 
and l-shaped frame element 36 located on the right side 
of Figure 7. This cut out portion 150 allows a tighter com- 
pression fit of the lower layer 142 between the frames 32. 

[0045] a non-woven spun-laced fiber fabric 42 is applied onto 
the three-layer insulation material 140. A trim piece 46 is 



then coupled across the exterior of the fabric 42 and 
frames 32 to provide a pleasing aesthetic surface to the 
interior 48, or cabin region, of the aircraft 20. 
[0046] | n another preferred embodiment, as shown in Figure 8, a 
first two-layer insulation material 160 is compression fit 
between the respective frames 32. A plurality of spacers 
164 each comprised of the open-cell foam 39 are coupled 
to the top surface 166 of the two-layer insulation material 
160. A second two-layer insulation material 168 is placed 
onto the spacers 164 and compression fit within the inner 
portion 47 of the c-shaped frame element 34 on the right 
side of Figure 8 and the outer portion 37 of the other c- 
shaped frame element 34 on the left side of Figure 8. The 
spacers 164 therein create an air gap 169 between the 
first 160 and second two-layer insulation materials 168, 
respectively. 

[0047] The first two-layer insulation material 160 consists of a 
first layer 162 of open-celled foam 39 and a layer of in- 
terleaved fibrous material 72 applied to its top surface. A 
cut out portion 170 of the first layer 162 allows the layer 
162 to be compression fit to both inner portion 47 and 
bottom portion 49 the c-shaped frame element 34 and I- 
shaped frame element 36 located on the right side of Fig- 



ure 8. This cut out portion 170 allows a tighter compres- 
sion fit of the lower layer 162 between the frames 32. 
[0048] The second two-layer insulation material 168 consists of 
a first layer 172 of open-celled foam 39 and a layer of in- 
terleaved fibrous material 72 applied to its top surface 
174. 

[0049] a non-woven spun-laced fiber fabric 42 is applied onto 
the two-layer insulation material 168. A trim piece 46 is 
then coupled across the exterior of the fabric 42 and 
frames 32 to provide a pleasing aesthetic surface to the 
interior 48, or cabin region, of the aircraft 20. 

[0050] | n another preferred embodiment, as shown in Figure 9, a 
first two-layer insulation material 180 is compression fit 
between the respective frames 32. A plurality of spacers 
184 each comprised of the open-cell foam 39 are coupled 
to the top surface 186 of the two-layer insulation material 
180. A second two-layer insulation material 188 is placed 
onto the spacers 184 and compression fit within the inner 
portion 47 of the c-shaped frame element 34 on the right 
side of Figure 9 and the outer portion 37 of the other c- 
shaped frame element 34 on the left side of Figure 9. The 
spacers 184 therein create an air gap 189 between the 
first 180 and second two-layer insulation materials 188, 



respectively. 

[0051] The first two-layer insulation material 180 consists of a 
first layer 182 of open-celled foam 39 and a layer of in- 
terleaved fibrous material 72 applied to its top surface. A 
cut out portion 190 of the first layer 162 allows the layer 
182 to be compression fit to both inner portion 47 and 
bottom portion 49 the c-shaped frame element 34 and I- 
shaped frame element 36 located on the right side of Fig- 
ure 8. This cut out portion 190 allows a tighter compres- 
sion fit of the lower layer 182 between the frames 32. 

[0052] The second two-layer insulation material 188 consists of 
a first layer 192 of open-celled foam 39 and a layer of in- 
terleaved fibrous material 72 applied to its bottom surface 
194. 

[0053] a non-woven spun-laced fiber fabric 42 is applied onto 
the two-layer insulation material 188. A trim piece 46 is 
then coupled across the exterior of the fabric 42 and 
frames 32 to provide a pleasing aesthetic surface to the 
interior 48, or cabin region, of the aircraft 20. 

[0054] | n another preferred embodiment, as shown in Figure 10, 
a first layer 200 of open-celled foam 39 is compression fit 
between the respective frames 32. A cut out portion 202 
of the first layer 200 allows the layer 200 to be compres- 



sion fit to both inner portion 47 and bottom portion 49 
the c-shaped frame element 34 and l-shaped frame ele- 
ment 36 located on the right side of Figure 8. This cut out 
portion 202 allows a tighter compression fit of the lower 
layer 200 between the frames 32. 
[0055] a plurality of spacers 204 each comprised of the open- 
cell foam 39 are coupled to the top surface 206 of the 
first layer 200. A three-layer insulation material 208 is 
placed onto the spacers 204 and compression fit within 
the inner portion 47 of the c-shaped frame element 34 on 
the right side of Figure 8 and the outer portion 37 of the 
other c-shaped frame element 34 on the left side of Fig- 
ure 8. The spacers 204 therein create an air gap 209 be- 
tween the first layer 200 and the three-layer insulation 
material 208. 

[0056] The second two-layer insulation material 208 consists of 
a layer of interleaved fibrous material 72 sandwiched be- 
tween a second layer 210 and third layer 212 of open-cell 
foam 39. 

[0057] a non-woven spun-laced fiber fabric 42 is applied onto 
the two-layer insulation material 208. A trim piece 46 is 
then coupled across the exterior of the fabric 42 and 
frames 32 to provide a pleasing aesthetic surface to the 



interior 48, or cabin region, of the aircraft 20. 

[0058] The present invention provides a simplified manufacturing 
approach to insulating the fuselage of an aircraft. The 
open-celled foam is compression fitted into the airplane 
fuselage so as to provide effective attachment to the fuse- 
lage. The open-celled foam requires minimal attachment 
treatments. Further, compression fit of the open cell layer 
is used as an interface around brackets and unrelated 
hardware to provide superior close-out of gaps that would 
normally occur using traditional insulation to bracket in- 
terfaces. In addition, the use of compression fitted foams 
simplifies inspection of the fuselage due to the ease in re- 
moving or replacing the open-cell foam 39. Further, the 
introduction of open-cell foam provides superior acousti- 
cal insulation properties as compared with prior art foam 
structures and with prior art insulation systems not utiliz- 
ing foams. Also, the open-cell foam provides thermal in- 
sulation properties. In addition, the use of open-cell foam 
allows for the introduction of air gaps within the insula- 
tion, which provides additional acoustical properties and 
minimizes weight. 

[0059] while the invention has been described in terms of pre- 
ferred embodiments, it will be understood, of course, that 



the invention is not limited thereto since modifications 
may be made by those skilled in the art, particularly in 
light of the foregoing teachings. 



